Abstract. We use a global chemical transport model (GEOS-Chem
Introduction
Light-absorbing aerosols (LAA) are of climatic interest as strong absorber of solar radiation in the atmosphere. They alter the radiative balance of the atmosphere through a complex web of processes, leading to a positive top-of-atmosphere forcing, heating of the atmosphere, and surface dimming (Ramanathan and Carmichael, 2008) . Light absorption in the atmosphere is dominated by black carbon (BC), emitted from combustion sources, with a smaller contribution from mineral dust (Bond et 5 al., 2013; IPCC, 2013; Jacobson, 2001; Ramanathan and Carmichael, 2008) . Recent work has shown that light absorbing organic aerosols, known as brown carbon (BrC), may also be important, contributing 20-40 % of total carbonaceous aerosol absorption globally (Andreae and Gelencsé r, 2006; Bahadur et al., 2012; Chung et al., 2012a; Chung et al., 2012b; Lin et al., 2014; Saleh et al., 2015) . However, the poor knowledge of the LAA's atmospheric concentrations and optical properties leads to large uncertainties in estimating the absorption attributable to LAA species, and consequently in estimating the radi-10 ative forcing of total aerosols (Andreae and Ramanathan, 2013; Bond et al., 2013; Kim et al., 2014; Kinne et al., 2006; Myhre et al., 2013; Saleh et al., 2015; Schulz et al., 2006; Sinyuk et al., 2003; Wang et al., 2014a) .
The Amazon basin, being the world's largest rainforest area, plays an important role in Earth's climate system. Scientific concern has been shifting from regional climate change over the Amazon basin to the interactions of global climate change with the functioning of the Amazon basin' ecosystem (Andreae et al., 2015) . Therefore, understanding sources, concentra-
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tions, and properties of aerosols in the Amazon basin is important from both regional and global points of view. During the wet season (January-April), the Amazon basin is in near-pristine conditions, and therefore this unique environment provides a baseline understanding against which to assess anthropogenic effects (Andreae, 2007; Martin et al., 2010a) .
Over the past decades, numerous field campaigns with measurements of aerosols and their optical properties have been carried out in the Amazon basin. A summary of sources and properties of Amazonian aerosols can be found in the reviews of 20 Martin et al. (2010a; 2010b) and Andreae et al. (2015) . Briefly, Amazonian aerosols are dominated by local and regional biogenic aerosols in the wet season, with remarkably low concentrations (a few µg m -3 ) and absorption coefficients (~0.5
Mm -1 at wavelength of 550 nm) (Guyon et al., 2003a; Guyon et al., 2003b; Rizzo et al., 2013; Rizzo et al., 2011) . The nearpristine conditions are episodically interrupted by long-range transport of Saharan dust and African biomass burning and fossil fuel combustion aerosols, which significantly elevate the absorption coefficients (Andreae et al., 2015; Baars et al., 25 2011; Ben-Ami et al., 2010; Formenti et al., 2001; Guyon et al., 2003b; Martin et al., 2010a; Martin et al., 2010b; Rizzo et al., 2013) . While species other than BC, such as biogenic aerosols, are suggested to be responsible for a substantial fraction to the total absorption (Guyon et al., 2003b (Guyon et al., , 2004 Rizzo et al., 2010) , the contribution of the different species to total observed aerosol absorption is not clear yet.
Attempts to model Amazonian aerosols are limited, with focus either on dust deposition (e.g., Ridley et al., 2012; mary organic aerosol (POA) are emitted by fuel (fossil fuel and biofuel) combustion and open fires. Note that "black carbon"
used here implies particles having optical properties and composition similar to "soot carbon" as defined by Andreae and Gelencsé r (2006) . We assume that 80 % of BC and 50 % of POA are emitted as hydrophobic particles and convert them to hydrophilic in the atmosphere with an e-folding time of 1 day, which yields a good simulation of BC export efficiency in continental outflow (Park et al., 2005) . To account for the non-carbon mass in POA, we apply a factor of 1.7 to the simulated 15 organic carbon (OC) mass concentration, to be consistent with the measurements in the Amazon Basin (Chen et al., 2015; Chen et al., 2009 ). The simulation of BC and POA in GEOS-Chem are linear, with concentrations proportional to sources.
We isolate the contributions from different sources by tagging them in the model. Secondary organic aerosol (SOA) is produced in the atmosphere as oxidation products of biogenic (monoterpenes, sesquiterpenes, and isoprene) and aromatic precursors (Chung and Seinfeld, 2002; Henze and Seinfeld, 2006; Henze et al., 2008; Pye et al., 2010) . Note that the simulation 20 of carbonaceous aerosol does not include primary biogenic aerosol (PBA), which likely dominates the coarse aerosols in the Amazon (Pöschl et al., 2010) . We discuss the uncertainties associated with PBA particles later in this paper.
The simulation of mineral dust was described in detail by Fairlie et al. (2007) . Briefly, the model uses the dust entrainment and deposition (DEAD) mobilization scheme of Zender et al. (2003) and 0.6-1.0 µm) for optical properties, which are strongly size dependent for sub-micron aerosols. The mass fraction in each bin is 6 %, 12 %, 24 % and 58 % from smallest to largest, constrained from aircraft PCASP measurements of Saharan dust (Ridley et al., 2012) .
Dry deposition in GEOS-Chem follows a standard resistance-in-series scheme (Wesely, 1989) as implemented by Wang 30 et al. (1998) , accounting for gravitational settling and turbulent dry transfer of particles to the surface (Zhang et al., 2001) .
Wet deposition in GEOS-Chem was initially based on the scheme of Liu et al. (2001) , which includes scavenging in convective updrafts, as well as in-cloud and below-cloud scavenging from convective and large-scale precipitation. We adopt the Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 20 July 2016 c Author(s) 2016. CC-BY 3.0 License.
in size distribution (Drury et al., 2010; Jaeglé et al., 2011; Wang et al., 2003a; Wang et al., 2003b) , hygroscopic growth factors, and the refractive index of dust (Sinyuk et al., 2003) . (Bond and Bergstrom, 2006; Bond et al., 2013) . In this work, we scale the MAE at 550 nm to 12 m 2 g -1 assuming thick coating due to the abundance of SOA in the Amazon basin (Chen et al., 2009; Pöschl et al., 2010) . We also update the absorption Ångström exponents (AAE) for BC from 1.3 to 0.5 based on the study by Chung et al. (2012b) and Bahadur et al. (2012) , assuming that this lowest observed value represents
Treatment of black carbon and brown carbon
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BC, without too much contamination by brown carbon or dust.
In addition to the update in BC properties, we add the contribution of brown carbon (BrC) in the model. Brown carbon absorbs solar radiation, particularly at UV wavelengths, and thus its absorption spectrum shows a strong wavelength dependence. The standard GEOS-Chem, however, does not separate BrC from "white" carbon (non-absorbing carbon), but assumes slight absorption for all kinds of OA and weak wavelength dependence with AAE of 0.8 between wavelength of 550 and 400
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nm. In this work, we assume that all POA from biofuel and open fires is BrC. The refractive index is based on the work of Saleh et al. (2015) , who parameterized the absorptivity of BrC as a function of emission ratio of BC versus OA. 
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1 depending on the size distribution. The MAE for total dust aerosol increases as it is transported away from the source regions, because coarse aerosols are more susceptible to deposition. Table 2 gives regional and global totals for BC and organic aerosol (OA) during Jan-Apr 2014 in GEOS-Chem and Fig. 1 shows the distribution of BC and OA emissions over 120° W-60° E during the same period. We tagged BC and POA tracers 30 from either fuel combustion or open fire from seven regions as defined in , followed by open fires (13 %). As expected from its location and land cover, SOA in NSA are mainly biogenic. Figure 2 shows the distribution of dust emissions during Jan-Apr 2014 over 120° W-60° E and 60° S-60° N in GEOS-
Emissions of carbonaceous aerosols
Emissions of mineral dust
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Chem. The model has a global emission of 1.2 Pg a -1 , 78 % of which is located in NAF as it contains most of the Sahara.
There is also a small dust emission (4 % of total) in Argentina in SSA. The emissions are highly variable from month to month. In NAF, the emission in February is 30 % higher than the seasonal average, followed by the emission in March, 10 % higher than the average.
Due to a reduction in surface winds in the dust source regions in Africa, there is a significant downward trend from 1982 20 to 2008 in dustiness over the east mid-Atlantic (Ridley et al., 2014 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 20 July 2016 c Author(s) 2016. CC-BY 3.0 License. Figure 4 shows the spatial distribution of simulated and MODIS AOD averaged over Jan-Apr 2014 over both Africa and the ocean. In this study we use MODIS level 3 data (daily gridded 1º x 1º product) from both Terra and Aqua satellites and degrid the data over the model grid. Over bright surfaces, where no successful standard retrieval is available, we use the deep blue retrieval.
Over Africa, MODIS shows strong sources in the Bodé lé region, with obvious influence over its outflow regions. The available. Ridley et al. (2012) suggested that the underestimate over the Bodé lé region in GEOS-Chem is due to insufficiently high resolution to represent the high wind speeds encountered between the mountain ranges in this relatively small region.
The comparison with both AERONET and MODIS shows generally slight overestimate in the model AOD over dusty regions. Because AOD is a product of dust loading and its mass extinction efficiency (MEE), the bias could be due to either or both of these factors. While dust loading over source regions is mainly driven by emissions, MEE is related to dust optical
properties. To evaluate the optical properties assumed in the model, we also estimate dust MEE using long-term data of size distributions and refractive indices for African dust from AERONET sites (purple dots and triangles in Fig. 2 we only use data strongly influenced by dust with coarse aerosols accounting for more than 90 % of total aerosol volume so that the refractive index is representative of dust aerosols.
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We obtain a refractive index of 1.47 (±0.027)-0.0033i (±0 .0021i) and MEE of 0.51±0.045 m 2 g -1 at 550 nm applying the same density (2.6 g cm -3 ) as used in the model. Numbers in the brackets are variation from all sites. By comparison, the refractive index at 550 nm used in the model is 1.56-0.0014i. Our value for the real part is 6 % higher than the retrieved data, but is consistent with the range of 1.51-1.56 in the literature (McConnell et al., 2010) . Consequently, the model dust MEE (0.60±0.026 m 2 g -1 ) averaged over the dusty region is 18 % higher than AERONET-derived value. This suggests that the model positive bias in AOD is probably driven by the difference in the optical properties. In contrast to the real part, the imaginary part of the refractive index of AERONET sites shows a large variation, which yields a wide range of dust mass absorption efficiency (MAE) of 0.038±0.016 m 2 g -1
. The imaginary part of the refractive index and the MAE (0.021 m 2 g -1 )
over the dusty region in the model is at the lower end of the range of AERONET sites.
Measurements at the ATTO site
30
The Amazon Tall Measurements related to LAA at the ATTO site used in this paper include aerosol concentrations, carbon monoxide (CO)
concentrations, and aerosol light absorption. The measurements are generally for air sampled at 60 m above ground, unless noted otherwise. Aerosol concentrations are from a Scanning Mobility Particle Sizer (SMPS) for fine particles (dp ≤ 1 µm)
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and from an Optical Particle Sizer (OPS) for coarse aerosols (dp > 1 µm). We convert the measured number concentrations to mass concentrations assuming spherical particles with a density of 1.5 g cm -3 (Pöschl et al., 2010) . The SMPS has a size range of 10-430 nm. We extrapolate the range to 1 µm by fitting the data to a Gaussian distribution, which yields a scale factor of 1.03 on average. There is also a Single Particle Soot Photometer (SP2) measuring refractory black carbon (rBC) in the size range of 70-280 nm since late February 2104. The results are scaled up by 39 % to cover the range of 70-470 nm.
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Dry air mole ratios of CO are from a CRDS instrument (Picarro G1302) measuring air sampled at five levels: 79, 53, 38, 24, and 4 m a.g.l.. The measurement setup is in essence a copy of the system described in Winderlich et al. (2010) . As the inlets for the aerosol instruments are at 60 m a.g.l., we use in this study CO dry air mole ratios averaged between 79 and 53 m a.g.l..
Aerosol light attenuation is measured by a 7-wavelength Aethalometer (λ=370, 470, 520, 590, 660, 880, and 950 nm) at dry condition (RH < 40 %). In order to obtain absorption coefficients from Aethalometer attenuation measurements, we ap-ply to our data the correction algorithm from Schmid et al. (2006) . We also use the Multi-angle Absorption Photometer (MAAP) measurements at 637 nm as a reference, since this instrument accounts for multiple scattering effects. The impact of the filter loading effect on the correction calculations is usually negligible due to the low light-absorbing aerosol concentrations at the ATTO site. For the comparison, we interpolated the absorption at λ of 400 and 550 nm based on AAE calculated through a linear fit of multiple wavelength absorption. For further information on the measurements at the ATTO site,
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the reader is referred to Andreae et al. (2015) .
Trans-Atlantic transport
Several studies have shown trans-Atlantic transport of African mineral dust to the Amazon during the wet season (Abouchami et al., 2013; Baars et al., 2011; Ben-Ami et al., 2010; Formenti et al., 2001; Kumar et al., 2014; Swap et al., 2011; Talbot et al., 1990 ). Here we use satellite observations to test the model's ability to capture this feature. The pattern of 
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Both MODIS and model show a declining trend from the west of Africa towards the east of South America. However, the AOD decline is faster in the model than in MODIS, especially when approaching South America. Therefore, negative model bias is generally found in the West Atlantic Ocean. One factor contributing to this difference is the relatively low backAtmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. and arrived at the west of the Atlantic (50º W) around 3-4 March. We find that the model is able to reproduce the outflow events across the Atlantic Ocean with an r of 0.81.
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The lifetime of aerosols along the transport path does not only depend on precipitation intensity, but also on the aerosols' vertical position. Aerosols aloft at higher altitude tend to be transported farther. Figure 7 shows curtain plots of observed and simulated extinction from 60º W to 20º E averaged over 5º -10° N and the period Jan-Apr 2014. The observation is from Cloud-Aerosol Lidar With Orthogonal Polarization (CALIOP), which provides vertical profiles of aerosol extinction at 532 nm in addition to total column AOD during both day and night (Young and Vaughan, 2009 
Source regions of the dust arriving at Amazon basin
While it is well recognized that Saharan dust does reach the Amazon basin, there is an ongoing discussion about the relative importance of Bodé lé dust as a dominant source (Abouchami et al., 2013; Koren et al., 2006; Kumar et al., 2014) . We thus ran sensitive tests to check the influence of dust from four regions (see However, there is also intra-seasonal variability for the sources of dust arriving at the central Amazon. We find that the trans-Atlantic transport of northwest Saharan dust moves further north in January compared with February-April. Consequently, the dust over the central Amazon is more sensitive to Bodé lé emissions, which thus become the largest contributor in January. This wide spatiotemporal variability in sources to some extent explains the divergence in the literature.
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Aerosols in the Central Amazon
Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Published: 20 July 2016 c Author(s) 2016. CC-BY 3.0 License. Figure 9 shows time series of observed and simulated aerosol mass concentrations at ATTO from Jan-Apr 2014. The observed aerosols had a mean concentration of 13±8.6 µg m -3 , dominated by coarse aerosols with a mean contribution of 90 %.
Chemical components of aerosols at ATTO
The coarse aerosol contribution is at the higher end of the previously reported range (66-78 %) at nearby sites Formenti et al., 2001 ). However, the coarse aerosols defined in the latter are aerosols with dp > 2 µm, in contrast with One reason for this difference is the missing sources of PBA particles in the model, which has been found to dominate the coarse aerosols at background conditions in previous studies (Formenti et al., 2001) . The observed background concentra-
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tions for coarse aerosols are around 2.8 µg m -3 while the model shows only 0.27 µg m -3 , implying concentrations of about 2.5 µg m -3 for PBA at ATTO. This background is within the reported range of 1.2-3 µg m -3 for coarse particles excluding dust at nearby sites (Formenti et al., 2001; Pöschl et al., 2010) and over southern Amazon (~10º S) (Fuzzi et al., 2007) during the wet season.
In addition, the model also shows a higher background for fine aerosols (2.8 µg m Model sea salt has a mean concentration of 0.31 µg m -3 and accounts for about 3 % of total aerosol mass on average.
There is a moderate correlation (r = 0.49) between model sea salt and dust. Previous studies also show mixed transport of After correcting the bias in SOA concentrations, OA has a mean concentration of 1.3±1.6 µg m -3 and is still the largest contributor (54 %) to fine aerosols, followed by fine dust (23 %), sulfate-nitrate-ammonium (11 %), fine sea salt (9.4 %) and BC (2.8 %). The low sulfate contribution (3 % of total aerosol mass) is consistent with previous results (Talbot et al., 1990) .
Simulated POA has a mean concentration of 0.70±0.91 µg m -3 and could explain 50 % of observed variance of fine aerosol.
POA is generally present with co-emitted BC, with r = 0.99 in the model. Figure 10 shows time series of observed rBC Talbot et al., 1990) . Source attribution in the model, however, also points out events of African dust mixed with NSA fire plumes, which is consistent with the HYSPLIT back trajectories passing over NSA fire spots to the East/Northeast of ATTO (Andreae et al., 2015) . Because of the relatively longer lifetime of CO in the atmosphere, the enhancement ratio of BC versus CO can indicate 25 the age of an air mass, with lower ratios in more aged air. Assuming first order removal of BC, the age of an air mass can be estimated using Eq. (1):
where L is the lifetime of BC, f is enhancement ratio of BC versus CO, and f e is the emission ratio of BC versus CO from sources. For this calculation, we average f e from the FINN inventory over NSA and NAF during Jan-Apr 2014. The derived The difference between observed and simulated slopes could be due to variation in emission ratios from individual fires.
The variation (10 %) in the emission factors for NSA and NAF fires from the FINN inventory is relatively small as they are already averaged for different land cover/vegetation type. The uncertainty could be much larger accounting for individual 10 fires. For example, the emission ratio of BC to CO reported by Andreae and Merlet (2001) has an uncertainty of 50 % for savanna and grassland fires, which would result in 50 % variation in the slope. The difference in aerosol removal time could also contribute to the bias in the slopes. As discussed in Sect. 4, the simulated aerosol lifetime is 14 % shorter than that derived from MODIS AOD over the ocean, which could result in a difference around 30 % in the slope. It is also possible that the observed slope for case (e) is due to fires nearby, which are missed or underestimated in the model. Also, model results
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are for average conditions and individual cases may be quite different from the average. Figure 12 shows time series of observed and simulated aerosol absorption at 550 nm and 400 nm at ATTO during Jan-Apr 2014. The observed absorption has a mean value of 1.5±1.5 and 2.3±2.3 Mm -1 at wavelengths of 550 and 400 nm, respectively. The highest absorption is found in early January, with values higher than 10 Mm -1 at 550 nm. The simulated absorption at 20 550 and 400 nm is 1.3±1.2 and 2.3±2.2 Mm -1 , respectively, agreeing with the observations with an r of 0.64-0.66.
Aerosol absorption at ATTO
The model absorption is further separated into BC, BrC, and dust in Fig. 12 . BC contributes 63 % of the absorption at 550 nm, followed by BrC (27 %, mainly from open fires) and dust (10 %) on average. The contribution of BrC to total carbonaceous aerosol absorption (25±8.8 %) is within the range 20-40 % on a global scale proposed by previous authors (Chung et al., 2012b; Saleh et al., 2015; Wang et al., 2014b) . Although the mean contribution is small, dust could occasionally be im-
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portant. One such example occurred in early March, as expected from Fig. 9 , with a dust contribution of up to 50 %. Due to stronger wavelength dependence, relatively higher contribution to absorption at 400 nm is found from BrC (41 %) and dust (17 %) compared to the absorption at 550 nm. reflecting the strong wavelength dependence of BrC absorption. We find that the model successfully captures observed correlation and slopes at both wavelengths.
Observed and simulated AAE during the period have mean values of 1.3±0.33 and 1.6±0.37, respectively. One uncertainty in the AAE estimation is due to its wavelength dependence. AAE estimated directly from Aethalometer data at 370 and 520 nm is 1.5±0.42, which is slightly higher than the value (1.3±0.33) based on a linear fit of multiple wavelength absorption. In Note that the contribution from BrC is directly affected by the OA/OC ratio assumed for POA in the model. In this work,
we adopt a ratio of 1.7 measured in the Amazon basin during the wet season of 2008 (Chen et al., 2009) , which is lower than the value of 2.1±0.2 for aged aerosol suggested by Turpin and Lim (2001) . Using the latter ratio would increase BrC and
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total aerosol absorption at 550 nm by 25 % and 6 % at ATTO during the wet season. The corresponding AAE would also be increased to 1.7±0.37. Note that the model bias in SOA production does not affect the simulated absorption, as the contribution of SOA to brown carbon is not accounted for. A recent study by Lambe et al. (2013) shows that the absorptivity of SOA depends on both precursor type and oxidation level. The derived MAE at 405 nm is less than 0.02 m 2 g -1 for biogenic SOA and less than 0.08 m Due to limited information on the detailed components/concentrations of PBA and associated absorptivity (Despres et al., 2012) , the contribution of PBA to absorption is not accounted for in the above results. However, assuming that the background of absorption at 550 nm is from PBA due to its relatively constant concentrations (Huffman et al., 2013; Pauliquevis et al., 2012) , we obtain an absorption of 0.2 Mm -1 from observations at ATTO for PBA, accounting for 13 % of total absorption at 550 nm on average. This value is consistent with the intercept (0.24 Mm -1 ) of the regression line between the absorp-tion at 550 nm and the SP2 data in Fig.13 , which can represent the upper limit assuming all absorption not correlated with rBC is from PBA. Our estimate is also consistent with Pauliquevis et al. (2012) , who reported an average background of 50 ng m -3 of equivalent black carbon (BC e ), corresponding to an absorption around 0.3 Mm -1 for PBA in the central Amazon.
Aerosol light absorption in the Amazon basin
Assuming well-mixed PBA below a height of 2 km with absorption of 0.2 Mm -1 , we find that PBA could account for 5-40 % of total AAOD at 550 nm over the Amazon basin, with relatively lower contributions over regions with more influence 10 from open fires (e.g., the northern Amazon). This estimate is roughly consistent with the results of Guyon et al. (2004) , who reported 35-47 % of absorption attributed to biogenic particles during the wet-to-dry/wet season in the Amazon Basin.
Conclusion
We used the GEOS-Chem chemical transport model to interpret observed aerosol concentrations and associated absorption over the Amazon basin during Jan-Apr 2014. To better understand the source types and contributions to light absorbing aer-
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osols and their optical properties over the Amazon basin, we modified the aerosol optical properties in the model to account for the coating enhancement of BC light absorption. We also added brown carbon as light absorber with its absorptivity depending on emission ratios of BC/OA based on the most recent study (Saleh et al., 2015) . Our simulation used FINNv1.5
(Fire INventory from NCAR version 1.5) with daily resolution (Wiedinmyer et al., 2011) for open fire, so as to capture the observed daily variance over the Amazon basin.
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The observations show relatively low aerosol concentrations and light absorption over the Amazon basin during the wet season. However, this low background is frequently interrupted by sources not fully quantified previously. Several studies have reported long-range transport of dust plumes from Africa to the Amazon basin during the wet season (Baars et al., 2011; Ben-Ami et al., 2010; Formenti et al., 2001) . To investigate the influence of the trans-Atlantic transported plumes, we first evaluated the emissions and optical properties of dust over Africa through comparison with AERONET and MODIS
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AOD data. The comparison shows slightly positive model bias (~20 %) in dust AOD over Africa. Comparison with dust optical properties derived from Mie calculation using long-term AERONET observations suggests that the bias is mainly due to positive model bias (18 %) in the mass extinction efficiency (MEE) of dust. The comparison also indicates consistence between simulated mass absorption efficiency (MAE) and MAE derived from AERONET data.
We further examined the simulated trans-Atlantic transport constrained by MODIS and CALIOP observations. We find study by Ridley et al. (2012) , probably due to difference in meteorology and updates in wet scavenging taken from the previous study by Wang et al. (2014a) .
During Jan-Apr 2014, both the model and MODIS observations show five events of trans-Atlantic transport plumes from Africa to the Amazon basin. Model sensitivity test against sources show that dust over most of the Amazon basin is dominated by emissions from northwest Sahara, followed by the contribution from West Sahel during the period. On the other hand, the Bodé lé emissions can dominate the dust over the Amazon basin in January and in eastern Brazil over the whole period.
Finally, we evaluated the model performance in the Amazon basin through comparison with observations at the ATTO site, which represents the Amazon basin with minimal human perturbation (Andreae et al., 2015) . The observations show an average aerosol concentration of 13±8.6 µg m -3 for the study period, 90 % of which is from coarse aerosol. The model is able With modified optical properties, the model reproduces the observed light absorption and its wavelength dependence. The simulated Absorption Ångström exponent (AAE) of 1.6±0.37 for total aerosols is within the uncertain range of AAE
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(1.5±0.42) estimated directly from the Aethalometer data at 370 and 520 nm. Source attribution indicates a soot BC contribution of 63 %, followed by brown carbon (27 %) and dust (10 %) to the total absorption at 550 nm.
Expanding the model results to the Amazon basin, we find more than 50 % of total absorption at 550 nm is from BC ex- In this study, we only considered OA from biofuel and open fires as brown carbon. Therefore, the model bias in SOA production as well as the missing representation of PBA does not affect the model results in total absorption. However, we also discussed the uncertainties of absorption due to SOA and PBA in the Amazon basin. Applying the upper limit of the
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MAE value for SOA, we find a difference of less than 8 % in absorption at 400 nm over the Amazon basin, even with the positive model bias in SOA production. Absorption due to PBA is important under background conditions. Assuming all background absorption of 0.2 Mm -1 at 550 nm is due to PBA, we find that PBA contributes 13 % of absorption at 550 nm Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -586, 2016 Manuscript under review for journal Atmos. Chem. Phys. Observed total aerosol concentrations are the sum of coarse aerosol (dp > 1µm) from OPS and fine aerosol (dp ≤ 1µm) from SMPS. Model results are separated into different species. Vertical dashed lines indicate the end of each month.
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